To identify cellular factors that might be coopted to from the plasma membrane of an infected cell. Viral genomic RNA help Gag fulfill its many roles, the HIV-1 Gag polyprotein a gag-encoded function requires CyPA. Cyclosporine A-resistant HIV-1 isolates were selected in tissue culture by passage of virus in the presence of the drug, and the drug-resistant phenotype was shown to be conferred by either of two gag missense mutations, A92E or G94D (Aberham et al., 1996) . Although the amino acids altered by the drug resistance mutations are located in the immediate vicinity of residues G89 and P90, they have no effect on Gag's CyPA-binding properties (Braaten et al., 1996a) , indicating that CyPA-binding and CsA-resistance are genetically separable properties in gag. CsAresistance results because the mutations confer CyPAindependence upon HIV-1 gag; this was confirmed by the following experiment: the single mutant P90A is unable to replicate due to its inability to bind CyPA, but the double mutant P90A A92E is replication competent, despite its inability to package CyPA into virions.
The second approach that demonstrated that CyPA is required for a gag-encoded function involved the construction of a chimeric virus in which CA coding sequences of the SIV MAC239 DNA provirus were replaced with those from HIV-1 (Dorfman and Gö ttlinger, 1996) . Unlike HIV-1, SIV MAC239 does not incorporate CyPA into virions and replication of the latter is not inhibited by cyclosporine A (Franke et al., 1994; Thali et al., 1994) . Chimeric virions were capable of incorporating CyPA and their replication was inhibited by cyclosporine A.
Cyclophilin's Biochemical Role Gleaned from Structural Studies
The first high-resolution structural information for a retroviral CA has recently been published (Gamble et al., 1996; Gitti et al., 1996; Momany et al., 1996) . Isolation of a soluble core domain by limited proteolysis of HIV-1 CA provided the technical breakthrough that led to the production of a protein preparation sufficiently wellbehaved for structural analysis. The structure of the amino-terminal two-thirds of CA was solved by NMR Figure 2 . Structure of the HIV-1 CA Core Domain (Gitti et al., 1996) ; the X-ray structure of a complex be-(A) Ribbon representation of the first 151 amino acids of HIV-1 CA tween this same CA domain and CyPA has been deteras determined by NMR spectroscopy. Helices I-VII are colored, the mined (Gamble et al., 1996) , and information missing N-terminal ␤-hairpin is shown in brown, and disordered segments from a crystal structure of a CA-Fab antibody complex and loops are shown in grey. The position of the P90 side chain in the exposed loop between helices IV and V is shown. has been provided (Momany et al., 1996) . ing to imagine the ␤-sheets of CA and CyPA packed in a regular array in virions. The actual results were not at as a complex with CyPA (Gamble et al., 1996) . The latter all like the predictions: HIV-1 CA is a triangular pyramid result is at odds with previous structural studies that composed almost entirely of ␣-helices (Figure 2A) . had shown that model peptides will only fit within the One of the few nonhelical elements in CA is an exCyPA hydrophobic pocket in the cis conformation. Gamposed loop between helices IV and V that is thought to ble et al. (1996) suggest that the absence of a side chain be located on the surface of the virion core (Figure 2A) .
at the residue preceding P90 allows CA to fit snugly The exposed loop corresponds to the proline-rich dowithin the pocket without distortion of the peptide backmain required for CyPA-binding (Franke, Yuan et al., bone. Thus, CyPA must promote HIV-1 virion infectivity 1994), and is the only part of CA contacting CyPA in the by forming a stable complex with CA, and not by catalyzcocrystal (Gamble et al., 1996) . The critical G89 and P90 ing the peptidyl-prolyl isomerization of G89-P90. residues are prominently situated at the apex of the loop CyPA: HIV-1 Core Destabilizer? and are embedded deep in the hydrophobic pocket of Cytoplasmic fractionation studies indicate that soon CyPA.
after entry HIV-1 CA dissociates from the viral nucleoThough it is tempting to propose that CyPA catalyzes protein complex (Gallay et al., 1995) . Biochemical analycis-trans isomerization of the bond connecting G89 and ses such as this are difficult to interpret since the per-P90, this appears not to be the case: the bond is primarily trans in the free protein (Gitti et al., 1996) and all trans centage of infectious particles within any population of retroviral virions is extremely small, and the biologically possess several well-characterized motifs. Nup358/ RanBP2, the largest nuclear pore component, constirelevant fraction might not be detectable by biochemical methods; currently there are no methods for confirming tutes the most dramatic example; in addition to a cyclophilin-homologous domain, this protein possesses that a given preparation of nucleoprotein complexes is capable of successfully completing an infection in vivo.
a leucine-rich region, Ran-binding sites, nucleoporincharacteristic repeats, and zinc-fingers (Wu et al., 1995 ; Assuming that separation of CA from the viral nucleoprotein complex is required for productive infection, and Yokohama et al., 1995) . The identification of proteins such as this supports the contention that CyP functions given that CyPA is required for the initiation of reverse transcription (Braaten et al., 1996b) , it would be reasonas a modular protein-protein interaction cassette reminiscent of other protein subunits such as the Src homolable to propose a model in which CyPA promotes HIV-1 CA uncoating (Figure 1 ) in a manner vaguely analogous ogy domains. to that of the chaperone Hsp70 in the uncoating of core. CA-CA contacts involving two CA faces were obBraaten, D., Aberham, C., Franke, E.K., Yin, L., Phares, W., and served in the cocrystal with CyPA (Gamble et al., 1996) , Luban, J. (1996a) . J. Virol. 70, [5170] [5171] [5172] [5173] [5174] [5175] [5176] and the authors propose that contacts made by the third Braaten, D., Franke, E.K., and Luban, J. (1996b proline-rich loop, adjacent to the CyPA-binding site (FigDorfman, T., and Gö ttlinger, H.G. (1996) . J. Virol. 70, [5751] [5752] [5753] [5754] [5755] [5756] [5757] ure 2B). Binding of CyPA to the proline-rich loop would
Franke, E.K., Yuan, H.E.H., and Luban, J. (1994) . Nature 372, directly interfere with CA-CA interactions that involve 359-362. the tight turn, weaken assembly of CA complexes, and Gallay, P., Swingler, S., Aiken, C., and Trono, D. (1995) . Cell 80, [379] [380] [381] [382] [383] [384] [385] [386] [387] [388] allow the core to more readily dissociate during uncoating. This model predicts that core assembly would not
